Pyrrolobenzodiazepine dimers: novel sequence-selective, DNA-interactive, cross-linking agents with activity against Gram-positive bacteria.
Pyrrolo[2,1-c][1,4]benzodiazepine (PBD) dimers are synthetic sequence-selective interstrand DNA minor-groove cross-linking agents developed from anthramycins. We investigated the antibacterial activity of three dimers, SJG-136, DRG-16 and ELB-21, which differ in the structure of the PBD monomeric unit and the length of the linker region between the two identical PBD monomers. MICs were determined against 38 methicillin-resistant Staphylococcus aureus (MRSA), 20 vancomycin-resistant enterococci (VRE), 12 isolates of Streptococcus pyogenes, 12 of Streptococcus agalactiae, 12 of Listeria monocytogenes and 24 Gram-negative clinical isolates. Binding to double-stranded DNA was assessed by determination of the DNA melting temperature (T(m)). MIC(90) values for SJG-136 were 0.5 mg/L against MRSA, VRE and L. monocytogenes, 0.06 mg/L against S. pyogenes and 0.03 mg/L against S. agalactiae; these were below the maximum tolerated dose of the drug. MIC(90)s for DRG-16 were 0.125, >0.5, 0.125, 0.015 and <0.008 mg/L, respectively. The most potent compound was ELB-21, with corresponding MIC(90) values of 0.03, 0.06, 0.06, 0.015 and 0.015 mg/L. There was little or no variation in sensitivity amongst isolates from any one species. All Gram-negative species (Acinetobacter, Pseudomonas, Klebsiella, Proteus spp.) were not susceptible due to the barrier function of the outer membrane. PBD dimers showed bactericidal activity against MRSA and VRE and there was a significant post-antibiotic effect (1.5--3.5 h). Incubation of EMRSA-16 genomic DNA (50 microM) with 20 microM ELB-21 resulted in a large increase in T(m) suggesting that PBD dimers exert their antibacterial effect by cross-linking of the two DNA strands. These data indicate that this novel class of antibacterial agents warrants further investigation as potential antibiotics for the treatment of severe infections caused by Gram-positive pathogens.